During endoscopy, the resect and discard strategy, if performed with high confidence, can be used to determine histologic features of diminutive colorectal polyps (5 mm or less). These polyps can then be removed and discarded without pathology assessment. However, the complexities of real-time optical assessment and follow-up management have provided challenges to widespread use of this approach. We aimed to determine the outcomes of simple alternative strategies, in which all diminutive polyps can be resected and discarded.
METHODS:
We collected data from 2 previous studies that used narrow-band imaging to assess polyps, performed at 5 medical centers (1658 patients with 2285 diminutive polyps; 15 endoscopists). We compared 3 resect and discard strategies: the currently used optical strategy, which relies on high confidence optical assessment of all diminutive polyps; a location-based strategy that classifies all recto-sigmoid diminutive polyps a priori as hyperplastic and all polyps proximal to the recto-sigmoid colon a priori as neoplastic; and a simplified optical strategy, in which all recto-sigmoid diminutive polyps are classified as hyperplastic unless confidently assessed as neoplastic, and all polyps proximal to the recto-sigmoid colon are classified as neoplastic unless confidently assessed as hyperplastic polyps. The primary outcome was the agreement of the surveillance interval calculated for each strategy with the surveillance interval determined by pathology analysis.
RESULTS:
The proportion of surveillance intervals that agreed with pathology-based surveillance recommendations was slightly higher when the optical strategy was used compared to the location-based strategy or simplified optical strategy (94% vs 89% and 90%, respectively; P < .001). When the 5-10 year recommendations for patients with low-risk polyps were applied as a 10-year surveillance interval, all 3 strategies resulted in surveillance interval agreement compared to pathology above 90% (the quality benchmark). Use of the simplified or location-based strategy could have avoided pathology analysis for 77% of all polyps, compared to 59% if the optical strategy was used (P < .001). In addition, a higher proportion of patients could receive recommendations immediately after colonoscopy with use of the simplified or location based strategy (65%) compared to the optical strategy (40%) (P < .001).
CONCLUSION:
A location-based and a simplified optical resect and discard strategy produced surveillance recommendations that were in agreement with those from pathology analysis for at least 90% of patients, assuming a 10-year surveillance interval for patients with low-risk polyps. These T he resect-and-discard strategy uses in vivo optical polyp diagnosis instead of histopathology for management of diminutive (5 mm) colorectal polyps. Forgoing pathology examination of these polyps would lower cost of screening and surveillance colonoscopy by $33 million to $1 billion in the United States annually. [1] [2] [3] [4] [5] Studies have shown that optical diagnosis of polyp histology can be made with sufficient accuracy without negatively affecting surveillance colonoscopy recommendations. 5 On the basis of these results, the American Society of Gastrointestinal Endoscopy, the European Society of Gastrointestinal Endoscopy, and the UK National Institute for Health and Care Excellence have endorsed optical diagnosis for diminutive polyps under the premises that it is performed by adequately trained, accredited, and audited endoscopists, and that a polyp diagnosis is made with high confidence. [5] [6] [7] However, such results are not consistently achieved in general clinical practice. [8] [9] [10] [11] [12] Moreover, the optical resect-and-discard strategy has other limitations. First, endoscopists are required to apply a level of confidence to the optical diagnosis of each polyp. This is difficult to standardize. 13 Thus, the proportion of high confidence diagnoses varies broadly across endoscopists and studies, namely between 50% and 90%. 11, [14] [15] [16] [17] Second and consequently, all polyps diagnosed with low confidence still have to undergo pathology. This approach adds complexity, because pathology results have to be combined with those made with high confidence during the procedure. Third, current surveillance recommendations for low risk findings may be extended to 10 years, 18, 19 which would diminish the effect of a false optical diagnosis on the surveillance interval.
Therefore, one may argue that the optical resect-anddiscard strategy is too complex to meet current clinical needs. A simplified resect-and-discard strategy in which all diminutive polyps are given a diagnosis, thereby eliminating the need to make a high or low confidence diagnosis, may address the challenges and facilitate adoption into clinical practice. Such simplified strategy may involve some endoscopic-optical assessment skills (simplified resect and discard) or none at all (locationbased resect and discard). The aim of the study was to examine whether both a location-based and a simplified optical resect-and-discard strategy would reach the 90% quality benchmark for agreement of surveillance recommendations compared with the pathology-based reference standard.
Methods

Study Participants
The study population consisted of cases from 2 previous studies on optical diagnosis from 5 academic medical centers (Dartmouth-Hitchcock Medical Center, Lebanon, NH; VA Medical Center, White River Junction, VT; VA Medical Center, Palo Alto, CA; VA Medical Center, San Francisco, CA; and VA Medical Center, Kansas City, MO). 20, 21 All participating 15 endoscopists had completed a training program on optical diagnosis before commencement of the study as described previously. 20, 21 Consecutive patients who presented for an elective outpatient colonoscopy with the potential of polyp resection were eligible. Patients with a history of inflammatory bowel disease, coagulopathy, and familial polyposis syndrome were excluded. The local institutional review board approved the research, and both studies were registered (ClinicalTrials.gov NCT01935180 and NCT01288833). Standard endoscopes (H-CF 180, PCF 180, CFHQ190AL, CFH180AL; Olympus Inc, Center Valley, PA) were used for all colonoscopies. All detected polyps were examined with white-light and narrow-band imaging. Endoscopists made a prediction of polyp histology (adenoma vs nonadenoma) and rated their level of confidence in making an optical diagnosis (high confidence, low confidence/ unclear). Patients with polyps that did not receive an optical polyp diagnosis were excluded. All polyps were removed and sent for histopathology evaluation.
Pathologists at Dartmouth-Hitchcock Medical Center and the VA White River Junction and a central gastrointestinal pathologist for the VA Medical Centers in Palo Alto, San Francisco, and Kansas City performed histopathology assessment. All pathologists were blinded to the endoscopic diagnosis. Polyps were grouped into neoplastic or non-neoplastic polyps. Neoplastic polyps were defined as all adenomatous polyps including all sessile serrated adenomas/polyps (SSAs/Ps). 22 
Definition of Resect-and-Discard Strategies
Our primary aim was to examine different resectand-discard strategies in which all diminutive polyps that are diagnosed in real time are removed and discarded, including those in the rectosigmoid colon. We examined and compared 3 different resect-and-discard strategies ( Figure 1 ) and their effect on surveillance recommendations:
(1) Optical strategy (current standard) [5] [6] [7] : A real-time diagnosis is assigned to all diminutive polyps that receive an optical diagnosis with high confidence. The surveillance recommendations are based on the optical diagnosis of all diminutive polyps that were diagnosed in vivo with high confidence and the histopathology evaluation of all other polyps (including those diagnosed with low confidence and larger polyps).
(2) Location-based strategy: All diminutive polyps are assigned a real-time diagnosis that is purely based on anatomic location. All diminutive polyps in the rectosigmoid colon are considered as hyperplastic polyps and all diminutive polyps proximal to the rectosigmoid colon as neoplastic.
(3) Simplified optical strategy: All diminutive polyps are assigned a real-time diagnosis that uses a combination of location and optical diagnosis. All diminutive polyps in the rectosigmoid colon are considered hyperplastic, except those that were diagnosed by optical diagnosis with high confidence as adenomas; and all diminutive polyps proximal to the rectosigmoid colon are considered adenomas (or neoplastic), except those that were diagnosed by optical diagnosis with high confidence as hyperplastic. This approach is based on the concern that endoscopists may be conflicted to applying a location-based diagnosis to a polyp that is clearly the opposite in their mind. For both alternative strategies, the surveillance recommendations are based on the real-time diagnosis of all diminutive polyps and the histopathology evaluation of all larger polyps.
Definition of Diagnose-and-Leave Strategies
As a secondary aim we examined the effect of adding a diagnose-and-leave strategy to the resect-and-discard strategies. 5 According to the diagnose-and-leave strategy, diminutive polyps in the rectosigmoid colon do not need to be removed if they are diagnosed with high confidence as hyperplastic polyps. For each of the 3 resect-and-discard strategies we considered a high confidence option for rectosigmoid hyperplastic polyps. Those considered hyperplastic with high confidence would not be removed ( Figure 1 ). The calculated negative predictive value (NPV) is based only on high confidence diagnoses of hyperplastic polyps. We allowed this approach for the location-based and simplified resect-and-discard strategies, because it is already common practice that hyperplastic-appearing rectosigmoid polyps are often ignored and not removed.
Outcome Measures
The recommended colonoscopy surveillance interval with each strategy was compared with the pathologybased surveillance interval among patients with at least 1 diminutive polyp. A benchmark of at least 90% agreement was suggested as a minimum to support a resectand-discard strategy (Preservation and Incorporation of Valuable Endoscopic Innovations [PIVI] 1 benchmark). 5 Surveillance intervals were assigned by study investigators (T.K., A.R., H.P.) on the basis of the real-time diagnosis and pathology results according to the U.S. multi-society taskforce guidelines. 19 These guidelines suggest a 5-to 10-year surveillance interval for low risk patients with 1-2 small (<1 cm) adenomas. Independent of whether the optical diagnosis suggested a 5-year interval or a 10-year interval, we considered both intervals as appropriate if the gold standard suggested a 5-to 10-year interval. We then considered a broader application of the U.S. guidelines and assigned a 10-year interval for low risk patients, which also follows the current European guidelines. 23 Furthermore, we examined test characteristics for the diagnosis of diminutive neoplastic polyps for each strategy. In particular, we calculated the NPV of optical diagnosis for rectosigmoid diminutive adenomas. An NPV of at least 90% would support to defer resection (diagnose-and-leave) of hyperplasticappearing rectosigmoid polyps (PIVI 2 benchmark). 5 We also examined the number of polyps that would not need to undergo histopathology evaluation and assessed how often patients could be given recommendations immediately after the colonoscopy.
During the conduct of our original studies we observed that surveillance intervals were not always affected by a false optical diagnosis. Therefore, we assessed in 1 of the 2 studies how often and why a false optical diagnosis of diminutive polyps did not affect the surveillance interval in the optical strategy group. 21 
Statistical Analysis
This study represents a post hoc analysis, and the presented statistical comparisons are exploratory and hypothesis generating. This study reports diagnostic accuracy following the STARD guidelines. 24 Normally distributed variables describing baseline characteristics are presented as means with standard deviation. Descriptive analysis with presentation of crude numbers and proportions is used to present patient, procedure, and polyp outcomes. Agreement between surveillance recommendations for each strategy and the pathology-based recommendations is presented as proportions with 95% confidence interval (CI). The agreement between strategies was compared by using the McNemar test. Test characteristics for each strategy are presented by location. The sample size was based on the initial sample size calculation of each individual trial. 20, 21 Results were rounded to the nearest percentage point to facilitate text presentation; the tables provide more precision. All authors had access to the study data and reviewed and approved the final manuscript.
Results
Patient and Polyp Characteristics
The study included 1658 participants with a mean age of 62 years, and 74% were men. Each of the 16 participating endoscopists performed between 19 and 152 (median, 51) procedures. The majority of colonoscopies were performed for screening (48%) or surveillance (35%) ( Table 1) . At least 1 polyp was found in 62% of patients, and at least 1 diminutive polyp was found in 56% of patients. Among all 2959 detected polyps, 2285 polyps (77.2%) were diminutive, and of all diminutive polyps 1210 polyps (55%) were adenomatous ( Table 2) . Forty-nine diminutive polyps (2.1%) were classified as SSAs/Ps. Two diminutive polyps (0.1%) contained high-grade dysplasia. No diminutive polyp contained cancer. The mean diminutive polyp size was 3.1 mm (standard deviation, 1.2), and 45% were located in the rectosigmoid colon.
Diagnostic Test Characteristics
Following the optical strategy, 78% of all diminutive polyps were diagnosed with high confidence, and of these, optical diagnosis was correct 85% of the time (Table 3) . The NPV of optical diagnosis for rectosigmoid diminutive neoplastic polyps was 95%. When applying the locationbased strategy, all values were significantly below those achieved with optical diagnosis; 77% of diminutive polyps were correctly diagnosed, and the NPV for rectosigmoid neoplastic polyps was 72%. The simplified optical strategy overall resulted in similar test characteristics compared with the optical strategy. Eighty-three percent of diminutive polyps were correctly diagnosed. The NPV for rectosigmoid neoplastic polyps was 90%, which was significantly lower than with the optical strategy. When restricting the NPV to only those rectosigmoid diminutive polyps that were diagnosed as hyperplastic polyps with high confidence, the NPV for adenomatous polyps was 95% for all strategies (Table 3) .
Surveillance Recommendations
Agreement with the pathology-directed surveillance interval for each of the 3 tested strategies is illustrated in Figure 2 . Although optical and simplified strategies reached the 90% benchmark, agreement was more frequently achieved with the optical strategy (94%; 95% CI, 92.3%-95.2%) than the location-based strategy (89%; 95% CI, 86.5%-90.6; P < .001) or the simplified strategy (90%; 95% CI, 88.2%-92.1%; P < .001). The majority of discordant recommendations resulted in a shorter interval for all strategies. When restricting the analysis to patients with only diminutive polyps (n ¼ 696), surveillance agreements for the 3 respective strategies remained unchanged, 94% (95% CI, 92.6%-96.1), 89% (95% CI, 85.9%-90.8), and 90% (95% CI, 87.8%-92.3%) for the optical, location-based, and simplified strategies, respectively. When applying a 10-year interval to all patients with low risk findings on screening colonoscopy, all 3 strategies reached the 90% benchmark with similar differences between the optical (96%), location-based (91%, P < .001), and simplified strategies (93%, P < .001). This improvement was solely related to the assignment of a 10-year interval to patients who were erroneously diagnosed to have a small adenoma and given a 5-to 10-year interval who would now be assigned a 10-year interval. Accordingly, discordant recommendations had fewer shorter intervals when applying a broader surveillance rule.
We did not find significant differences in the effect of different strategies on the surveillance interval among participating endoscopists or across study sites. When restricting the analysis to patients with only diminutive polyps, surveillance agreements remained unchanged overall, 97% (95% CI, 95.3%-98.0%), 92% (95% CI, 89.7%-93.9%), and 94% (95% CI, 91.6%-95.4%) for the 3 respective strategies.
Effect on Immediate Post-colonoscopy Management
Following the optical strategy, 40% of patients with a diminutive polyp could be discharged with surveillance recommendations after the colonoscopy, whereas a significantly greater proportion of 65% could be provided with immediate recommendations when applying the simplified and location-based strategy (P < .001) (Figure 2) .
The optical diagnosis strategy required pathology evaluation of 498 diminutive polyps (22.1%) that were diagnosed with low confidence. Considering a resectand-discard strategy, optical diagnosis would reduce the need for pathology evaluation for 1734 polyps, or 59% of all polyps in the study cohort. The location-based and simplified strategies would apply a real-time diagnosis to all diminutive polyps and therefore not require pathology evaluation for 2242 polyps, or 77% of all polyps, a significantly greater reduction in the need for pathology evaluation than with the optical strategy (P < .001).
Effect of Incorrect Optical Diagnoses on Surveillance Recommendations
To understand the effect of incorrectly diagnosed diminutive polyps on surveillance recommendations with the optical strategy, we performed a subgroup analysis that was restricted to a cohort from the one study with detailed data on the 566 patients who had at least 1 diminutive polyp and were hence subject to optical diagnosis (Table 4) . 21 Among all 469 patients who had at least 1 diminutive polyp that was optically diagnosed with high confidence, at least 1 incorrect diagnosis was made in 144 patients. However, the incorrect diagnosis did not affect surveillance recommendations for 107 patients (74%). For these patients the surveillance interval was most frequently determined by synchronous larger polyps (29%), history of adenomas (14%), the pathology results of polyps diagnosed with low confidence (10%), the presence of a second diminutive adenoma (9%), or 3 adenomas (4%).
Discussion
Our study tested a simplified optical and a locationbased non-optical resect-and-discard strategy against the optical resect-and-discard strategy. Both alternative strategies achieved surveillance recommendation rates above or near the proposed 90% quality benchmark when compared with pathology-based recommendations. When applying a 10-year interval for all patients with low risk findings as supported by European and U.S. guidelines, 18, 19 both strategies surpassed the 90% benchmark. Furthermore, both alternative strategies would provide significantly more patients with surveillance recommendations immediately after the colonoscopy (65% vs 40%) and obviate the need for pathology evaluation for significantly more polyps (77% vs 59% of all detected polyps) when compared with the optical strategy. Although the surveillance agreements were lower than with the optical strategy, the absolute reduction was minor (between 3% and 5%). When considering the variation among endoscopists in adhering to surveillance guidelines, these differences appear small. 25, 26 Simplifying resect-and-discard to make clinical implementation feasible is an idea that was recently proposed by Atkinson and East. 27 However, no clinical studies have published outcomes of alternative resectand-discard concepts yet. Our study suggests that a simplified optical strategy and perhaps a location-based strategy may overcome the current challenges that hinder widespread adoption of resect-and-discard.
Although multiple studies have reached the PIVI quality benchmarks to support an optical resect-and-discard strategy, 5, 6 studies performed primarily in community practices did not reach the proposed quality thresholds. [8] [9] [10] [11] Furthermore, optical diagnosis requires training, monitoring, and quality assurance, and it adds complexity to the day-to-day practice. In the majority of patients, pathology results of all other polyps have to be followed up and combined with the results of the optical diagnosis before determining the final surveillance interval. 14, 15 The proposed alternative resect-and-discard strategies would not only significantly reduce the need for pathology evaluation and potentially lead to additional cost savings, 1,4 it would also provide more patients with surveillance recommendation immediately after the colonoscopy.
It may be surprising that the accuracy of the alternative strategies was not very high, and yet the incorrect optical diagnosis often did not affect the surveillance recommendations. Interestingly, a false optical diagnosis had no effect on management for 74% of patients. Whether the optical diagnosis is right or wrong seems less important for patient management than other factors, including concomitant larger polyps, family history of cancer, personal history of adenomas, poor colon preparation, or patient age. The apparent discrepancy between the applied effort of making an optical diagnosis and the small effect of an incorrect diagnosis originally motivated us to search for alternative resect-and-discard strategies in which any diminutive polyp would be assigned a diagnosis.
Both alternative strategies would not be sufficient to leave in any rectosigmoid polyps. However, within a location-based or simplified strategy one could consider to diagnose and leave those rectosigmoid polyps that were confidently diagnosed as hyperplastic polyps. In clinical practice, many endoscopists ignore and do not remove whitish and clearly hyperplastic-appearing rectosigmoid polyps, thereby already applying a diagnoseand-leave strategy. 28 Although the simplified optical strategy appeared to be slightly superior to the location-based strategy, a strategy that solely uses location to assign a real-time diagnosis would not require any optical diagnosis skills. Therefore, need for specialized training, credentialing, or monitoring would be eliminated, making this approach feasible for widespread adoption. In contrast, a simplified optical resect-and-discard strategy still requires optical diagnosis skills. However, application of the simplified optical strategy may be more straightforward than with the current standard, because it would only be applied to polyps that are clearly considered (with high confidence) adenomas in the rectosigmoid colon or hyperplastic polyps elsewhere. Recent advances in computer-aided diagnosis of polyps may replace any endoscopist attempt to optically diagnose a polyp and facilitate a resect-and-discard strategy. 7, 29 Several limitations need to be discussed. First, this is a post hoc analysis of datasets acquired from 2 prospective trials on optical diagnosis. 20, 30 The proposed strategies should therefore be tested prospectively. Second, our approach is based on the pretest probability that rectosigmoid diminutive polyps are more likely hyperplastic, and proximal diminutive polyps are more likely neoplastic (adenomas or SSA/P). Because SSAs/Ps are also more commonly located in the proximal colon, a location-based approach may reduce the risk of a falsenegative diagnosis for proximal SSA/P with the current optical strategy. 31 Surveillance recommendations for patients with <10 mm SSA/P differ between the United States and Europe; a location-based or simplified optical strategy might affect diagnostic accuracy. 18, 19 The recent introduction of a specific optical diagnostic classification for SSA/P (WASP classification) might improve optical diagnosis. 32 However, the proportion of SSA/P among all diminutive polyps is very low (only 2% in in our study), and the effect on accuracy is likely minimal. Third, both studies were performed at academic centers with special interest in optical diagnosis. It is unclear how these strategies would perform in a community practice. Fourth, outcomes of the proposed resect-and-discard alternatives might be different in a symptomatic or fecal occult blood test/fecal immunochemical test-based screening population, where a higher proportion of advanced neoplasia can be expected. Finally, the risk of cancer is always a concern if diminutive polyps are misdiagnosed or not even removed. However, the risk of cancer in such polyps is extremely low, 33 and former studies have addressed the risk-benefit of this approach in more depth. 6 In summary, a simplified optical and a location-based resect-and-discard strategy resulted in slightly lower surveillance agreements compared with the optical resect-and-discard strategy; however, both reached the 90% benchmark dependent on the applied surveillance recommendation. The proposed strategies may simplify required training in optical diagnosis, reduce the complexity of the current resect-and-discard approach, and may ease its adoption into clinical practice. Both alternative strategies would reduce the number of required pathology examinations and provide more patients with immediate surveillance recommendations on the day of the colonoscopy. A diagnose-and-leave approach for clearly hyperplastic-appearing polyps in the rectosigmoid colon is already common practice and could be well-incorporated into a simplified optical or a non-optical location-based resect-anddiscard strategy.
